Ribosylthymine is not present in tRNA of Streptococcus faecalis grown in the absence of folic acid, although this methylated residue does occur in the tRNA of this organism when it is grown in the presence of folate. We have found that, unlike other methylated residues in RNA of S. faecalis and other organisms, the methyl moiety of ribosylthymine of the tRNA of folate-sufficient S. faecalis is not derived from S-adenosylmethionine. Preliminary evidence suggests that a folate derivative serves as the methyl donor in this methylation.
When grown in the presence of folic acid, Streptococcus faecalis, like other prokaryotes, initiates protein synthesis with fMet-tRNAfMet. However, when this bacterium is grown in folate-free medium, initiation proceeds with nonformylated Mlet-tRNAfMet (1) (2) (3) in a manner that, at least superficially, resembles the initiation process in eukaryotes (4) . The ability of folate-deficient S. faecalis to initiate protein synthesis with nonformylated Met-tRNAfMet has been shown to be due to a difference in the tRNAfMet of cells grown in the absence of folate, relative to that tRNAfMet species found in folate-sufficient cells (3) . We have recently shown that this difference resides in a single modification of the tRNAfMet molecule (5) . In tRNAfMet of cells grown in the presence of folate, ribosylthymine (T), which is 5-methyluridine, occurs in the sequence GT;C in loop IV. In the tRNAfMet of cells grown in the absence of folate, the sequence GUVC is found.
The remainder of the nucleotide sequence is identical for the two tRNAs. Furthermore, we have shown that the absence of T is not unique to tRNAfmet. Every tRNA synthesized in folate-deficient S. faecalis appears to lack T (5). These findings led us to investigate the biosynthesis of T in S. faecalis.
It is currently accepted that S-adenosylmethionine serves as the methyl donor for every methylation of RNA occurring at the polymer level (6) (7) (8) (9) . Assuming this to be the case in S. faecalis, the effect of the absence of folate on the ability of S. faecalis to synthesize T is surprising. Since S. faecalis requires methionine in the growth medium, even in the presence of folate (10), both folate-sufficient and folate-deficient media were supplemented with equivalent amounts of methionine. Thus, it seemed unlikely that the absence of T in folate-deficient cells is due to insufficient methionine for the methylation reaction.
On the other hand, folate derivatives are recognized as methyl donors in certain reactions (11 scribed (2, 12) , except that a mixture of amino acids lacking either serine or methionine, but containing glycine or homocysteine, respectively, was substituted for Bacto-casamino acids-and no additional amino acids were added. The occurrence of radioactivity in the amino acids of S. faecalis grown in the presence of [3H]formate was examined by analysis of protein extracted with hot (90') 5% trichloroacetic acid.
Nucleic acid was removed from the acid-insoluble material by exhaustive digestion with snake venom phosphodiesterase in 0.01 M TrisHCl, pH 8.9, 0.001 M EDTA (Na+), and reprecipitation of the protein with cold 5% trichloroacetic acid. The sample was hydrolyzed in 6 M HOl at 1100 for 22 hr, and analyzed on a Beckman Automatic Amino-Acid Analyzer (model 117).
RESULTS
In agreement with previously published results, Fig. la shows that when E. coli is grown in the presence of [methyl14Cjmethionine, Tp is found to be the most abundant labeled residue in tRNA. On the other hand, although Tp was shown by 32p labeli'ng to be present in the tRNA of S. faecalis grown in the presence of folate, no radioactive label from methionine appears in Tp of S. faecalis, as shown in Fig. lb . Labeled 7-methylguanosine 3 '-phosphate, methyladenosine 3'-phosphate, and several unidentified products are clearly distinguishable. The presence of methylated G and A in S. faecalis tRNA was confirmed by both the 32p and KB3H4 analytical methods. They were shown to be present in the tRNA of folate-deficient, as well as folate-sufficient, S. faecalis.
As shown in Fig. 2 , when S. faecalis is grown in folatesufficient medium containing [14C]formate, the radioactive label found in tRNA appears almost exclusively in Tp. The radioactive material remaining at the origin was not susceptible to hydrolysis by snake venom phosphodiesterase and is, therefore, not nucleic acid. No label from ['4C]formate is detectable in the methylated residues that derive their methyl moieties from methionine.
Although growth studies substituting glycine and homocysteine for serine and methionine, respectively, showed that S. faecalis requires the addition of the latter two amino acids for optimal growth, analysis of Nucleotides are designated by standard letter designations.
The radioactive material below A is 7-methylguanosine 3'-phosphate; that above and to the right of A is probably a methylated adenosine 3'-phosphate. digested to 5'-deoxyribonucleotides with pancreatic DNase and snake venom phosphodiesterase and to 3'-deoxyribonucleotides with micrococcal nuclease and spleen phosphodiesterase, and the products were separated by thin-layer chromatography. No ultraviolet-absorbing material coincided with Tp.
Analysis of 32P-labeled bulk tRNA indicated that when S. faecalis is grown in the absence of folate, there is a trace amount of Tp (or a nucleotide with similar chromatographic properties in the solvent system described in Fig. 1 It has previously been assumed that S-adenosylniethionine serves as the methyl donor in every methylation of RNA (6) (7) (8) (9) . Based on analyses involving the incorporation of methionine in vivo into nucleic acid residues, it has been reported that Bacillus subtilis tRNA contains abnormally low quantities of T (17, 18) . We (19) have recently shown that T is present in the tRNA of B. subtilis to the extent of one T per tRNA molecule. However, the methyl moiety of T in B. subtilis tRNA (19) , like that of S. faecalis tRNA, is not derived from methionine. In view of these findings, analysis of the methylated nucleotide content of nucleic acids that is based exclusively on the incorporation of methionine in vivo into the modified residue, while perhaps appropriate for E. coli, must be considered with reservation for other organisms.
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